There are five subtypes of central sleep apnea (CSA) syndromes in adults: CSA due to Cheyne-Stokes breathing, high altitude-related periodic breathing, CSA due to medical condition not Cheyne-Stokes, CSA due to drug or substance, and primary (idiopathic) CSA [1, 2] . The CSA due to drug or substance primarily refers to opioid-related CSA, which has been rarely studied [2, 3] . Opioid-related CSA has only been recognized approximately since 2000 [3] [4] [5] [6] [7] . The pathogenesis is unclear and unlikely to be explained by one single mechanism [3, 7] . Two potential mechanisms have been postulated [7, 8] . From a ventilatory control aspect, chronic opioid users have a depressed ventilatory response to hypercapnia but an augmented response to hypoxia [7, 9] . The imbalance in ventilatory chemoreflexes may contribute to breathing instability. This mechanism can be partially seen in CSA related to high altitude, heart failure and hypercapnic respiratory failure [3, 7, 9] . From a CNS aspect, opioids may selectively inhibit the inspiratory rhythm generator in the preBötzinger complex but not the expiratory rhythm generator in the retrotrapezoid nucleus/parafacial respiratory group. This potential imbalance in the respiratory rhythm generators may also contribute to the CSA and ataxic breathing [8] .
Treatments of opioid-related CSA have been rarely reported. There are only six studies in the field, and all of them are retrospective observations or case reports [10] [11] [12] [13] [14] [15] . While CSA in opioid users is related to opioid blood concentration/ dose [6, 7] , reducing the dose of opioids may not be an easy option with concerns about uncontrolled pain and/or increased drug seeking behavior [16] . The earliest report for opioidrelated CSA treatment using positive airway pressure (PAP) is from 2007 [15] . Thirteen opioid users (five with CSA, eight with complex sleep apnea) were among an overall group of 100 CSA/complex sleep apnea patients who received adaptive servoventilation (ASV) treatment. Median apnea hypopnea index (AHI) of the overall group dropped from 48 per hour at baseline to 5 per hour. However, the breakdown analysis of the 13 opioid users was not provided [15] . In 2008, PAP treatment for opioid-related CSA was reported in five chronic opioid users [12] . With standard CPAP therapy, CSA in the five patients worsened from 26 to 37 per hour. The authors then applied ASV which successfully eliminated CSA [12] . Interestingly, in the same issue of the journal, Farney et al. reported a similar retrospective analysis of CSA treatment in 22 chronic opioid users using ASV. In their study, the decrease of the central apnea index (CAI) was not significant (from 26.4 to 15.6 per hour), and no improvement was found in ataxic breathing and overnight oxygenation [11] . In 2009, another case report showed that Bi-level PAP (with a backup rate of 12-16 breath per minute) treatment in four chronic opioid users significantly reduced AHI from 60.2 to 16.6 per hour. CSA was eliminated in three out of the four CPAP nonresponders [14] . In 2012, two larger retrospective CSA treatment studies were reported [10, 13] . Ramar et al. reported a success rate (overall AHI<10) of 59.6 % (28 out of 47) for opioid-related CSA treatment using ASV. The success rate was similar (61.7 %, 29 out of 47) using a criteria of AHI<5 under optimal ASV end-expiratory pressure [13] . In the other retrospective study, 47 chronic opioid users were treated with CPAP, CPAP+O 2 , or BiPAP+O 2 in a stepwise order until optimal titration reached. Forty one patients completed the treatment protocol with optimal response achieved in 36 (89 %) patients. CSA was eliminated in 54, 28, and 10 %, respectively, of cases with the three treatments. These treatments produced a significant decline in the AHI, CAI, and arousal index, and improved oxygenation [10] .
The above six studies provide evidence for PAP treatment for opioid-related CSA. The discrepancy between the results may be related to the differential definitions of CSA, methodologies/settings of PAP, the dose of opioids, and the underlying medical conditions. Due to the low level of evidence, the recent published AASM Practice Parameters has not given a recommendation for the treatment of opioidrelated CSA [2] . Further studies were suggested to compare the efficacy of CPAP, BiPAP, and ASV in the treatment of opioidrelated CSA. Meanwhile, "assessment for discontinuation of opioid use and substitution of other forms of pain relief seems prudent" [2] .
Given the above context, the retrospective study conducted by Troitino and colleagues in this issue of the journal provides further evidence in the field [17] . They compared the treatment outcome and adherence rate of CPAP, BiPAP, and ASV in 34 opioid-related CSA (O-CSA) and 61 idiopathic CSA (I-CSA) patients [17] . CSA was defined as CAI>5 per hour and CAI≥50 % of the AHI. PAP compliance was defined as time spent on PAP>4 per hour per night on 70 % of nights. Only those with chronic opioid use >6 months were included for the O-CSA subtype. CSA patients with other major medical conditions were excluded for the idiopathic subtype. Interestingly, both groups had substantial baseline hypoxemia. The I-CSA group had a high %sleep time with SpO 2 <90 % (%T90) of 37 % and Mean SpO 2 of 91 % and SpO 2 nadir of 81 %. This is somewhat different to our normal understanding of idiopathic CSA, which belongs to a type of hypocapnic CSA, with low PCO 2 and hyperventilation, and not associated with major hypoxemia [18, 19] . Nevertheless, the high arousal index in this group (38 per hour) seems in line with the classic features of I-CSA [19] . The O-CSA group had prominent CSA events with an average CAI of 29.3 pre hour, together with as a high prevalence of ataxic breathing (32 %), %T90 (41.8 %) and a low SpO 2 nadir of 81.7 % [17] . Following the stepwise treatment algorithm of CPAP, BiPAP and ASV (if previous treatment failed), both CSA groups dropped their mean AHI to~5 per hour, %T90 to~5 % and SpO 2 nadir increased to~88 %. Arousal index in the I-CSA group dropped by~half. The possible mechanism of the reduced CAI and arousal index with PAPs may relate to a reduced loop gain and therefore a reduced hyperventilation and cyclic periodic breathing pattern [20] . CPAP, BiPAP, and ASV were comparable in eliminating CSA and improving oxygenations in both groups of CSA. The initial CPAP compliance was 24 % for O-CSA group and 38 % for I-CSA group. Twelve months PAP adherence rate of both O-CSA and I-CSA groups were similarly low (~20 %) [17] .
There are some useful discussion points from the Troitino et al. study, and other six studies involving PAP treatment of opioid-related CSA:
1. It seems that carefully titrated PAP treatments can improve oxygenation and reduce CSA events in the majority of the opioid-related CSA patients, although low PAP adherence is clearly a problem. Opioids are recognized as potent respiratory depressants. Hypoxia and hypercapnia can be major features in some opioidrelated CSA patients, and it would certainly be beneficial if these abnormalities can be ameliorated. 2. CSA in chronic opioid users has different presentations with some patients not having impaired oxygenation during sleep [7] . For those with significant CSA but normal oxygenation, it could be controversial to use PAP just to reduce the CSA events. Importantly, we do not have firm evidence that opioid-related CSA itself, without concomitant hypoxemia, can lead to increased mortality or significant cardiovascular or neurological consequences. In our previous studies, we found that chronic opioid users have increased daytime sleepiness and reduced daytime function, but CSA did not play a role in those changes [21] . In terms of mortality, PAP could be more important during the opioid induction phase as nearly half of the opioid-related deaths occur during the first 2 weeks of that acute induction period [22] . Without concomitant hypoxia/hypercapnia, it would be even more controversial to discontinue/significantly reduce the opioid use just to avoid CSA, as the trade-off is usually increased pain or increased drug seeking behavior [16] . 3. Both ASV and BiPAP are much more expensive than CPAP but do not show vastly superior outcomes, a practical approach could be still using CPAP as the initial mode of treatment. ASV and BiPAP could be considered as alternative modalities if CPAP fails. 4. Given the different presentations of opioid-related CSA [7] and high inter-individual variability in opioid responses [23] , a personalized medicine tailoring treatments according to individual features (like overnight hypoxemia, hypercapnia, CSA, awake ventilatory responses, daytime sleepiness/alertness, etc.) could be a more sensible approach. 5. Proper designed RCT studies with larger sample size are needed to compare the clinical and neurological outcomes from CPAP (and other modalities) treatment and standard care. More in-detail respiratory analyses (further to CSA and ataxic breathing) and neurocognitive function tests (such as EEG spectral analyses) could be considered. In addition, long-term data are needed to explore any potential role of opioid-related breathing abnormalities (such as CSA and ataxic breathing) in mortality and cardiovascular and neurocognitive consequences.
